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A 42.7O sweptback wfng WBB tested with basic and blunt  ailerons in 
the Langley + %y l24nch supersonic bl tunnel at a Mach  number 
of 1.9 and Reynolds lumiber of 2.2 X 10 The wing had an aepect ratio 
of 4, a taper  ratio of 0.5, and an 8percendHihick symmetrical  biconvex 
a i r f o i l  section In the free-atream direction. The interchangeable 2&percen% 
chord ailerone were located outboard. The profile of the basic  dleron 
was made t o  omform t o  the contour of the asd the  profile of the 
blunt aileron had flat sides and a t r a i l w e   t h i c k 8 8  of one-half 
the hinge-line thichees.  

T 

The rolling-mamant coeff iciente of both auerans varied approximately 
linearly with aileron  deflection, and the blunt  aileron w a ~  about 10 per- 
cent nore effective than the basic  aileron. Hinge mamente varied approxi- 
h t e l y  linearly, with angle of attack and wlth  aileron  deflection for both 
ailerons and w e  about 40 percent higher f o r  the blunt aileron  than f o r  
the  basic  aileron.  Theoretically  calculated hlnge w e n t 8  were in good 
agreement with experimental resulta. There was no meamable  difference 
in the drag of the -hTo w w l e r o n  ca&inati'one. 

A general  transonic and supersanic  iweatigation  ha^ been conducted 
in several f ac i l i t i e s  of the Langler Aeranautical Laboratory of the 
l a te ra l  control characteristics of a 42.70 aweptback w i n g  of aspect r a t io  
of 4 and taper ratio of.0.5, with &percent"thick biconvex a i r f o i l  sections 
in a streamrise  tttrection. f i e e l i g h t   t e s t a  (reference 1)  ant^ a- 
tuzlnel t e s t s  on a transonic bump (reference 2) indicated a r eve r sa  in 
d l e r o n  effectiveness in a region of the  traneonic speed range for a 
conventional  20-percent-ohord aileron with the  basic wing profile.  Tests 
of the same configuration at a Mach  nuniber of 1.9 In the Langley 9- by 
-inch supersonic blowdown tunnel (reference 3) verif led the  free-flight 
results *ich s h h d  no reversal in the higher Mach nu&er range. 3h an 
investigation  fnstigated t o  hrprave the aileron effectivanerse, it W&E 
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found that  certain allera section  profiles would eliminate  the  reversal 
in effectiveness  (references 2 and 4). One of the more prauising 
profiles  tested had a blunt trailing edge wfth  thickness equal to one- 
half the  airfoil  thickness at the  aileron hlnge line and had flat  surfaces 
(references 4 and 5 ) .  k order  to  investigate  the  characteristics of this 
blunt aileron at a Mach nuuiber of 1.9, a w i n g  fitted  with  such an aileron 
waa teated  in  the Langley 9- by lsinch 8.rzpersonic b l d m  tunnel. 
Reported  herein a r e  the results  of  this  investigation  wbich  Include  aileron 
hhg-nt and rolling-mcrment  characteristics. For the purpose of colp 
parlson,  the c~acteristics of the  basic  aileron  with  biconvex  sections 
are  included. The w i a g  was tested in the  presence of a -elage at a 
Reynolds ntmiber of 2.2 x 106. 

B 
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a 

b 
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lift; coefficient (%!I 

pitch-t coefficient 

rolling-maanent  coefficient 

twice the dktance frm t h e  WLng root  chord  to the  tip 
(12.m in.) 

f’ree-a”-h.eam dynamic presetrre 

angle of attack  relative  to free-gtream direction 
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. M Mach rider 

R Reynolde nmber, based on 6 

The ssmi~pan wing and half--fuselage are shown in.figure 1, and the l r  
principal dimensions a r e  given in figure 2. The virtg is the same as 
that described in reference 3 end ha8 an aspect ratio of 4 and a taper 
ra t io  of 0.5. The a i r f o i l  profile very closely approximates a circular- 
arc  section in a plane normal t o  the  quarter-chord  line. The airfoil 
section  parallel  to the air etream is approxbmtely 8 percent  thick, and 
its ordinates B;ce given in table I. The steel w i n g  and brass fuselage 
have polished surfaces a In mounting the wing and fuselage in the tunnel, 
the root  end of the Xing wa6 displaced f r o m  the axis of the fbelage In 
order t o  make the exposed wing area approximately the same ae in 
references 2 and 4. The root end of the w i n g  serveB aa the reference 
axis for  the ro l l i ng  maments. 'pwo w i n g  models, identical,  (within c- 
etructian  tolerances) were u e d  in the tests: one, f o r  obtaining hinge 
mament m&8urements and the  other, for obtaining  the aerodynamic charac- 
t e r i s t i c s  of the ccq le t e  wing. This uae done became the  aileron 
installation ueed in measuring hinge marments wa.~ neither ae amooth nor 
a6 rigid &8 the  other  aileron  installation. 1% i e  believed that no large 
differences were present betwe'en the two wings during  them  tests . 

Each wing w a ~  tested with the aileron  deflected in one dlrection at 
angles of approxinmtdy 00, 40, go, and 130, measured in a plane no- 
t o  the  aileron hinge llne. By testing  the modele having Symmetrical 
airfoil  sections through a positive and negative etngle-of-etttack range, 
data were obtained which would apply t o  the lef't p a e l  of a 'complete 
wing with  both  negative and positive  aileron  deflectione. 

The Langley + by 12-inch supersonic blcrwdam tunnel in which the 
present  test6 m e  made 3-6 a nanret&me  tunnel utilizing  the e a u t  
air. of the Langley l+foot pressure  tunnel. Free-Btream Mach number 
is 1.9. The air enters at an absolute  pressure of about atmospheree 

3 
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and colrteLine about 0.003 pound of water per pound of air .  Thia high 
moisture oontanrt; causes condeneration t o  take place in the tunnel, but any 
effects of the oondensatian on the tunnel o a l i ~ a t i o n  and test  results 
are probably approximately oonstaat  immmoh ae the naoiature content 
remaim approximately oonrrtant. 

Freestream Mach nmiber ha8 been calibrated at 1.90 2 0.02. Thle 
Mach  number y&8 wed in determining the ddsnamZc preame.  The variation 
of the s t a t i c  preJ3mre with the  tunnel clear wae about a . 5  percent in 
the  region of the test  section normally ocoupied by t h e  model. 
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The 
t o  be' of 

For high 
t h a t  ind 
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accuracy of measurements for lox  aileron  deflections ier believed 
the order  indicated in  the follawLng table: 

I + Tar fable 

I "  
I .  

CL 

c 2  

cD 

C m 

C 
h 

Error 

*.op 
.25O 

. 005 
00003 

. 001 

. 001 

.m5 

aileron  deflections the errors in Cz 
icated in the table. 

are  earnewhat higher  than 

Angles of a i le ron  deflection were corrected for the strai-e beam 
deflections result- fYom hinge mamente encountered at zero angle of 
attack during the hlnge-mament keets. Further deflectione due t o  changes 
i n  hlnge mnmnnt w i t h  aagle of attack were insignificant and were not 
conaidered. The ma~cimum correction was of the order of 0 .F 
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The roll- data presented in figure 4 were obtained by 
fairing linear, parallel  curve^ of the mament coefficients, measured about 
the root end of the aemiiepan wing, plotted against angle of attack for  
different  aileron  deflections and picking off incremental rolli-nt 
coefficient6 due t o  each ailercm deflection. The rigidilq of the aileron 
izmtallation iiuring these testa was m h  &ET t o  require no oorreotion t o  
aileron d e f l e o t i o m  because of aerodynamic loading. 

The V S ~ U ~ S  of angle of attack have been ccrrrected for deflectionrr 
of the belanag due t o  pitching mnmnnts. The data of figure 6 have had an 
additional -U.15° o e e c t i o n  applied t o   t h e  angle of attack  to accouzlt for 
dream deflection and poseible model dissymmetry. A eimilar correction 
YSB not applied to data obtained during hfngglnonaent tes ta  became it waa 
inqosrrible t o  separate the effecte of stream angle and model d i e m t r y  
;Fra?n the  effects of smd.3. sileron deflections which were present. The 
only effeota of m h  a correotion, hawever,  would be t o   s h i f t - t h e  m e s  
of Ch plotted egain8t a end Ch plotted against 8 without; changing 

their slopes. 

Hlnp;e-marmant dmr&eriatica.-Preeented in  figure 4 are the  aileron 
hinge-mamant ooefficXde BB a f’unction of angle of attaak for varioua 

Aerodyaamio chara&eristics.- The lift, drag, snd pitohing-marment 
characteristics of the wing (fig. 6 )  with either t he  blunt or baaic 
afleron wem the same within the acouraoy of the data. The liFticurve 
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Flat-plate hinge momsnts for a wlng-aizeron canbination having the 
plan form a8 the wing tested were calculated by taking  into account 

t h e  conical-flow field8 from the wing t i p  and whg-fuselage juncture 8x1 
the angle of attack m d  and the conical f i e l d s  at the  root and t i p  of 
the  aileron 88 the  aileron w&8 deflected. 

In calculating hinge moments  due t o  w i n g  angle of attack  the  aileron 
wae assumed t o  be a t  zero deflection. The pressure diEl-tributiane over 
the  portions of the aileron  operating  within  the Mach cones  emanating 
from the  wing t i p  and wing-fuselage Juncture were determined from equatione 
given In reference 7. The hinge moments from these portion8 of the  aileron 
were determined by paphical integration of the pres~nzre. These  were then 
adbd t o  the hinge moment of the  part of the  aileron  operating  in two- 
dirneneional flow t o  get t h e  t o t a l  flat-plate hinge moment of the  aileron. 

The w i n g  was assumed t o  be at zero augle of attack f o r  the calcu- 
latione of hinge mcmentts due t o  aileron  deflection. The pressure d h t r i -  
butions over the part6 of the  aileron  operating in the  oonio~-f~OW f ie lds  
resulting from aileron deflection were determined f r a m  equatiom given 
Fn reference 8. The hinge mcrments From those p&e of the  aileron were 
determined by graphical  integration of the  prea~we.  Hinge moments of 
them conicjl"fl0w regions and the regions operating in tw&imemional 
flaw were then added t o  obtain  the total flat-plate hinge moment of the 
aileron. 

The flat-plate hinge momenta obtained by the preceding methods  were 
corrected  for thicknese. This was done by aeaumlng that the  ratio of 
thickness  effecte on aileron hinge maanente were the same f o r  the conical- 
flow regions as for the two4imeneiOnal"flaw regions; that is, 

- 
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where the  subecripts denote: 

(1) MimensionaJ-   f la t   p la te  

(2) Three4imensiord flat plate 

(3) Tw&imenaiaal. with thlchesa 

Twc+Limensid hinge mcmente considering t h k h  term were calculated 
by using  the "Bus~emmm aecond-order appratimation  theom"  discussed in  
reference go Thi~ theory 58 limlted t o  conditions where the shock wave 
a t  the le- edge of the a i r f o i l  is attached t o  the  airPoil. The w i n g  
f o r  which the  present  cslculationa wetre d e ,  however, had a half leading- 
edge angle in a plane normal t o  t h e  leading edge which was larger than 
the angle at which a Bhock  wave detaches for the Mach nrmiber cnmponent 
normal t o  the leading edge. It was assumed that the  existing detached 
shock did not  invalidate  the  theory w e d  and coneequently did not  affect 
the  calculated hinge maanents. 

In calculating hinge moments due t o  angle of attack,  the Mach nuther 
camponent and aileron  section contour in a plane normal t o  the w i n g  
leading edge were used. The Mach number  cnmponent and aileron section 
contour in  a plane normal t o  the aileron hlnge line were wed' in cdou- 
lating hinge mments due t o  aileron  deflection. 

Calculations, made by mbg the method previously dieouseed,  give 
hinge mQments which are in good weement with  experimantal  values. (See 
table 11.) Table III gives a b r e a m  of caloulate'd hinge moments. 
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2. Turner ,  ThQnae R *, Lockwood, Vernard E . , and Vogler,  Raymond D. : 
Prelim- IrrpeeFtlgation of Various A i l e r o n s  au a 42O Smptback 
W i n g  for Lateral Control at Traneonia Speeds. XACA RM Ro. -21, 
1948. 
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TABIZ I 

Station 

0 
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OrdFnate 
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(b) Blunt aileron, 

Figure 4.- Hinge-lllmnent characterlatics of basic and blunt ailerons on 

a 42 .p meptback wing; f u e l a g e  on; M = 1.9; R = 2.2 x 10 6 . 
m 
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'on ' 
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Figure 5.- Characteristics of basic and blunt ailerons on a 42.70 swept- 
6 

back Xing; a = 0'; M = 1.9; R = 2.2 X 10 . 
. 
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Figure 6.-broaynamic  characteristics of 8 42.7O meptback w i n g  with 
either  blunt or basic aileron; fuselage on; 6% = 0'; M = 1.9; 
R = 2 . 2 X  10 . 6 0 
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